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The objective of this study was to determine sources of Shiga toxin-producing

Escherichia coliO157 (STECO157) infection among visitors to Farm X and develop public

health recommendations. A case-control study was conducted. Case-patients were

defined as the first ill child (aged < 18 years) in the household with laboratory-confirmed

STEC O157, or physician-diagnosed hemolytic uremic syndrome with laboratory

confirmation by serology, who visited Farm X in the 10 days prior to illness. Controls

were selected from Farm X visitors aged < 18 years, without symptoms during the

same time period as case-patients. Environment and animal fecal samples collected

from Farm X were cultured; isolates from Farm X were compared with patient isolates

using whole genome sequencing (WGS). Case-patients were more likely than controls

to have sat on hay bales at the doe barn (adjusted odds ratio: 4.55; 95% confidence

interval: 1.41–16.13). No handwashing stations were available; limited hand sanitizer

was provided. Overall, 37% (29 of 78) of animal and environmental samples collected

were positive for STEC; of these, 62% (18 of 29) yielded STEC O157 highly related by

WGS to patient isolates. STEC O157 environmental contamination and fecal shedding

by goats at Farm X was extensive. Farms should provide handwashing stations with

soap, running water, and disposable towels. Access to animal areas, including animal

pens and enclosures, should be limited for young children who are at risk for severe

outcomes from STEC O157 infection. National recommendations should be adopted to

reduce disease transmission.
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INTRODUCTION

Escherichia coli O157:H7 causes an estimated 95,000 illnesses
and 30 deaths annually in the United States (1, 2). Zoonotic
transmission of Shiga-toxin producing Escherichia coli (STEC)
causes an estimated 5,960 annual US infections (3). In
Connecticut, there are an average of 23 STEC illnesses
annually; 113 total illnesses were reported during 2011–2015
(4). Some people with STEC infections, particularly young
children, can develop hemolytic uremic syndrome (HUS), a
severe complication that can lead to extended hospitalizations,
kidney failure, thrombocytopenia, and death (5, 6). Non-specific
supportive therapy, including hydration, is important in treating
STEC infections (5). Antibiotics are not recommended to treat
infections, since there is no evidence that treatment with
antibiotics is helpful and taking antibiotics might increase the
risk of HUS (6, 7). Antidiarrheal agents might also increase
that risk (8).

STEC O157 bacteria are often transmitted through the
fecal-oral route, including from contact with animals or the
environment. As with many enteric (intestinal) pathogens, STEC
O157 can persist in contaminated environments for long periods
of time (up to 10 months) (9, 10). During 1991 to 2005, the
CDC received reports of 32 outbreaks of STEC O157 associated
with animals in public settings in the United States (11). To
address this, the National Association of State Public Health
Veterinarians (NASPHV) created the Compendium of Measures
to Prevent Disease Associated with Animals in Public Settings in
2005 (Compendium) (12). In its latest version published in 2017,
the Compendium described recommendations for minimizing
health risks associated with animal contact in public settings (13).
The Compendium encourages appropriate risk reduction and
careful management of animals that have contact with the public.

Healthy ruminants are a known reservoir of STEC O157.
Although studies often cite cattle as the primary source of
STEC O157 outbreaks in humans, recent epidemiological studies
have turned attention to sheep and goats as equally significant
sources of STEC O157 human infection (14–21). The increasing
popularity of petting farms and zoos and agritourism on working
farms creates greater potential for human interaction with goats
and their environments. Therefore, in addition to standard public
health recommendations, finding ways to decrease shedding of

STEC O157 into the environment by goats might help prevent
human illness (19).

Contact with goats and their environment (such as areas

where they live and roam) has led to numerous STEC O157
infection outbreaks in humans (15, 16, 18, 21). In 2004, an
outbreak of STEC O157 infections affected 108 visitors to

the North Carolina State Fair petting zoo, including 15 who
developed HUS (22). Visitors at this fair could interact directly
with∼100 goats and sheep. Risk factors in this outbreak included
touching or stepping in manure or sitting on the ground near
animal bedding (22). STEC O157 was isolated from the bedding
10 days after the fair had ended and from soil 5 months after the
bedding and topsoil had been removed from the premises (22).
In 2005, an outbreak of STEC O157 infections affected 63 people
who had contact with goats at multiple fairs in Florida; of these,

7 developed HUS (22). In this outbreak, illness was most strongly
associated with direct animal contact or contact with sawdust
or shavings. In 2007, an outbreak of STEC O157 infections was
associated with a goat at a day camp petting zoo in Florida.
Signage and numerous handwashing stations at the petting zoo
decreased disease risk, but human illnesses still occurred (15). In
each of these outbreaks linked to goats, investigators concluded
prevention measures focusing on improving infection control
measures and avoiding risk behaviors were needed at fairs and
other animal exhibits to further reduce disease transmission and
prevent similar outbreaks.

Agritourism in the United States has increased in recent
years. In 2012, 33,161 farms in the United States earned over
$704,038,000 from agritourism-related activities, representing an
income increase of ∼24% over 2007 (23). These farms offer
public activities such as animal exhibitions, petting zoos, corn
mazes, fruit picking, educational tours for children, farm-based
festivals, country markets, and stores (24). Farms participating
in agritourism are visited by millions of children each year
(24). Many children and adults are new to the experience and
unfamiliar with risks associated with agriculture environments
(24, 25). These risks are described in journal articles and legal
briefs which emphasize the responsibility of those managing
animal exhibitions duty of care to invitees and visitors of
the premises (e.g., farm, fair, ranch, zoo) (26, 27). Per these
articles, failing to implement established recommendations of
public health organizations, including education and adequate
reduction of risks, might constitute falling below that standard
of care and might be harmful to farm visitors and to the viability
of the venue (16, 26).

On March 24, 2016, the Connecticut (CT) Department of
Public Health (DPH) identified a cluster of seven culture-
confirmed STEC infections; six of seven (86%) ill people reported
visiting the same goat dairy farm in Southeastern CT (Farm X)
in the week before illness onset. An investigation was initiated
by the CT DPH, the CT Department of Agriculture (DoA),
CDC, and the local health district to determine the extent of the
outbreak, identify risk factors and potential sources of infection,
and develop recommendations to prevent further illnesses.

MATERIALS AND METHODS

The CT DPH laboratory (DPHL) performed culture of
samples and pulsed-field gel electrophoresis (PFGE) on the
isolates using standard protocols (28). These data were shared
with PulseNet, the national molecular subtyping network for
foodborne disease surveillance, to characterize STEC O157
isolated from people, animals, or the farm environment during
the outbreak investigation; the resultant STEC O157 isolates
were used to define the outbreak strain. Whole genome DNA
sequencing (WGS) was conducted by CT DPHL using PulseNet
protocols on the Illumina MiSeq Sequencing System (29). High
quality single nucleotide polymorphism (SNP) analyses were
generated by PulseNet with Lyve-SET version 1.1.4f using an
internal reference (E. coli O157: PNUSAE002903; E. coli O103:
PNUSAE003156) with phages masked. Reads were cleaned
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with CG Pipeline (options: –no-singletons). Single nucleotide
polymorphisms (SNPs) were called with Varscan, and Lyve-SET
was run with the following options: minimum coverage −20,
min alternative fraction −0.95, and allowed flanking −5 bp
(30). All sequence data generated by PulseNet were deposited
to the National Center for Biotechnology Information (NCBI)
in Bioproject PRJNA218110. Serology was performed by the
National Enteric Reference Lab at CDC to examine presence
of antibodies in sera from patients with HUS against the O157
lipopolysaccharide antigen.

For investigation purposes a case was defined as laboratory-
confirmed STEC O157 infection with the outbreak strain or
physician diagnosis of HUS with laboratory confirmation by
serology, during March 7, 2016, to May 14, 2016 residing in CT
or surrounding states.

Statistical Methods
To further examine risk factors for illness among children who
visited Farm X, a case-control analysis was initiated and limited
to case-patients and controls aged < 18 years. For the case-
control analysis, a case-patient was defined as the first ill child
(aged < 18 years) in a household with laboratory-confirmed
STEC O157 or physician diagnosis of HUS with laboratory
confirmation by serology who visited Farm X within the 10 days
prior to illness onset. Controls were selected from households
with children (aged< 18 years) who contacted DPH as requested
by press releases. Controls were required to be without any
signs or symptoms of STEC O157 infection within the 10 days
following their Farm X visit from March 7–May 14, 2016. Our
attempted enrollment was at least two controls for every case-
patient. Between April 5th and 21st, we administered a standard
questionnaire by phone to obtain information regarding the visit
to the farm, demographic information, risk factors including
hand tomouth habits, activities at the goat barns, tasting samples,
and hand sanitizer use. A parent was interviewed for case-
patients and controls. Behavioral risk factors were assessed by
asking the parent to report if their child performed that behavior
at any point during the visit to Farm X.We fit univariable logistic
regression models and calculated unadjusted and adjusted odds
ratios and exact 95% confidence intervals (CI) (SAS, version 9.3,
SAS Institute Inc, Cary, NC). A multivariable logistic regression
model was performed to examine odds of illness after sitting on
hay bales in the doe barn, adjusting for age <5 years and using
hand sanitizer after visiting the kid barn. These variables were
selected as they were thought to be risk factors for developing
illness (age) or for preventing illness (hand sanitizer use). The
strength of association of variables in relation to the outcome
of infection was assessed using odds ratio point estimates and
confidence intervals. As a result of small numbers, we used the
Firth penalized likelihood for most models but used exact logistic
regression for variables with extremely small numbers (<1). For
the multivariable model, we included variables of interest based
on previous studies.

Environmental sampling was conducted on the farm on
March 28, 2016. CT DoA collected animal fecal samples with
assistance from CDC on March 29, 2016. Environmental and

animal sampling was conducted using a sterile cotton swab at
various locations in the kid barn, doe barn, farm store, and
farm grounds including the pens, barn floor, gutters, bedding,
hay bales, rafters, troughs, walls inside pens, a grain holder, and
muddy runoff from a compost pile. Does and goat kids were
tested. Swabs were inserted into Cary Blair semisolid transport
media. Feces, bedding, and grain samples were collected using
stool cups and sterile tongue depressors. Two water samples
were collected using sterile plastic bottles. All samples were
transported on ice in secondary containers within a cooler to
the CT DPHL. Initial setup of environmental samples at CT
DPHL was performed following recommendations from the
National Enteric Reference Lab at CDC. Swabs were received
in Cary Blair transport media and were directly plated onto
Sorbitol MacConkey Agar with Cefexime & Tellurite (CT-
SMAC) and Sorbitol MacConkey Agar (SMAC) plates. Following
plating, the swabs were placed into 8ml of Gram Negative
(GN) broth. All bedding, fecal, grain, and water samples were
enriched at a 1:10 dilution in GN broth. Plates and broths
were incubated at 37◦C and examined for growth after 18 h.
Plates and broths with no growth were re-incubated for an
additional 18–24 h at 37◦C. Plates and broths with growth
were screened with the Meridian Premier Enterohemorrhagic
(EHEC) E. coli Enzyme Immunoassay (EIA) for evidence of
STEC. Individual sorbitol negative colonies from positive plates
were screened with Remel RIMTM O157:H7 latex test kit.
Remel RIMTM O157:H7 latex positive colonies were plated to
Trypticase Soy Agar Plates with 5% Sheep Red Blood (BAP) for
biochemical testing and submission to the PFGE Laboratory.
EHEC EIA positive broths were plated to SMAC and CT-
SMAC plates, plates were incubated at 37◦C for 18 h and
growth was screened for STEC with the Meridian Premier
EHEC E. coli EIA. Individual sorbitol negative colonies from
positive plates were screened with Remel RIMTM O157:H7
latex test kit. Remel RIMTM O157:H7 latex positive colonies
were plated to BAP for biochemical testing and submission to
the PFGE Laboratory.

Plates positive for STEC by the Meridian Premier EHEC
E. coli EIA but negative for E. coli O157:H7 were screened
for non-O157 STEC. Individual sorbitol positive colonies were
screened by EHEC EIA. Positive colonies were plated to BAP
for biochemical testing, serogrouping, and submission to the
PFGE Laboratory. Samples were cultured at the CT DPHL; STEC
isolates from Farm X were compared with patient isolates using
PFGE and WGS. Non-O157 STEC colonies were serogrouped
with the six most common O-antigens known to produce toxins
(O26, O45, O103, O111, O121, and O145) by agglutination
method. The owner of Farm X was interviewed regarding farm
operations and sanitation practices. CT DoA inspected the milk
pasteurization process on equipment located on Farm X and
collected samples of cheeses and milk which were produced for
sale to farm visitors. This investigation was reviewed and did
not meet the definition of research under 45 CFR 46.102(d).
IRB review was not required. This activity was reviewed by
CDC and was conducted consistent with applicable federal law
and CDC policy.
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RESULTS

Fifty-one laboratory-confirmed cases were identified; of these,
one had physician-diagnosed HUS and antibodies to the O157
lipopolysaccharide antigen by serology. The median age was 4
years (range: <1–50 years). Nine patients (18%) were adults and
43 (84%) were children <18 years of age; of these 29 (67%)
were children ≤5 years of age. Twenty-eight patients (55%) were
male. Eleven patients (22%) were hospitalized, and three (6%)
developed HUS. No deaths occurred. Illness onset dates ranged
from March 7 to May 14, 2016. All patients were interviewed.
Forty-two patients (82%) visited Farm X or had contact with
goats originating from the farm, seven (14%) had contact with
someone who visited the farm, and three (6%) did not have any
identified epidemiologic link to the farm or goats from the farm.
One additional patient was an asymptomatic household contact
of a symptomatic E. coliO157 patient. The asymptomatic patient,
who did not visit the farm, was detected because household
contacts of a STEC patient are recommended to be tested before
returning to daycare in Connecticut.

The case-control analysis included 23 case-patients and 44
controls (Table 1). No evidence of a difference in age or sex
was observed between case-patients and controls (Table 1).
Risk factors, including hand to mouth habits, activities at
the goat barns, tasting samples, and hand sanitizer use were
analyzed (Table 1). Case-patients had higher unadjusted odds
than controls for having sat on hay bales at the doe barn (odds
ratio: 4.85; 95% CI: 1.54–16.40). In the multivariable analysis, the
odds of being a case patient was 4.55 times higher for those that
sat on hay bales (95% CI: 1.41–16.13, Table 2).

In 2016, the farmwas open to the public during kidding season
from March 5, 2016, until it was closed under the authority
of the local public health officer on March 24, 2016, when the
outbreak was identified. During weekends in March 2016, there
were ∼500 visitors per day. The farm produces cheeses, caramel
candies, and milk that are sold on the farm or at local area
stores. Visitors had access to the entirety of the farm, with the
exception of the production building and milking parlor, and
were allowed to enter the goat pens, with the exception of the
buck pen and the pen in the doe barn. Visitors could sample or
buy products at the farm store, and there were no restrictions
on where food could be consumed. An interview with Farm X’s
owner and onsite visits by investigators indicated there were no
public handwashing facilities for visitors to use before consuming
samples or purchased food or after touching any of the animals.
Hand sanitizer was available for visitors in the farm store and kid
barn, but there were no signs encouraging visitors to use it. No

hand sanitizer was available in the doe barn. The interview results
indicated that bedding in the kid barn was not routinely changed;
new bedding was piled on top of old. Bedding and birthing by-
products were raked into pits in front of the pens until it was

removed and added to an on-farm compost pile. Goat kids were
also sold by Farm X as pets or for meat.

A total of 78 environmental and animal samples were collected

from Farm X. Of these, 61 environmental samples were collected
including swabs of the kid barn, doe barn, and farm store. Testing
in the barns included the pens, barn floor, gutters, bedding, hay

TABLE 1 | Univariable analysis of other risk factors for STEC O157 infection

among children visiting farm X—Connecticut, 2016 (n = 67).

Exposure category Case-patient

(n = 23)

No. (%)

Control

(n = 44)

No. (%)

Odds ratio

(95% confidence

interval)

Age*

<5 years 14 (61) 22 (52) 1.39 (0.51–3.92)

5–17 years 9 (39) 20 (47) Ref

Sex*

Female 10 (43) 20 (47) 0.89 (0.32–2.42)

Immunosuppression 0 (0) 1 (2) 1.91 (<0.01–36.35)
†

Live on a property with farm

animals

3 (13) 9 (20) 0.64 (0.15–2.29)

Multiple farm visits 3 (13) 6 (14) 1.01 (0.22–3.98)

Other household illnesses* 9 (39) 1 (3) 13.76 (2.77–137.17)

Nail biting 5 (22) 12 (27) 0.77 (0.23–2.38)

Thumb sucking* 5 (22) 12 (28) 0.75 (0.22–2.31)

Entered pen in kid barn 23 (100) 41 (93) 3.96 (0.36–541.80)

Fed does in kid barn 5 (22) 3 (7) 3.52 (0.85–16.66)

Visited doe barn* 12 (55) 20 (45) 1.42 (0.52–3.96)

Sat on hay bale at doe barn* 10 (45) 6 (14) 4.85 (1.54–16.40)

Used hand sanitizer after

touching other animals (i.e.,

rabbits, dog)*

5 (26) 10 (25) 1.10 (0.31–3.61)

Used hand sanitizer after kid

barn

15 (65) 19 (43) 2.39 (0.87–6.87)

Tasted samples 11 (48) 22 (50) 0.92 (0.34–2.49)

*Variables with missing values: indicated variables had one (sex, thumb sucking, visited

doe barn), two (age, sat on hay bale in doe barn), eight (used hand sanitizer after touching

other animals), or 12 (other household illness) missing values.
†
Exact logistic regression

was used for variables with extremely small counts (<1) and median unbiased estimate

is reported.

TABLE 2 | Multivariable analysis of risk factors for STEC O157 infection among

children visiting farm X—Connecticut, 2016 (n = 63).

Exposure category Adjusted odds ratio (95%

confidence interval)

Age <5 years 1.70 (0.56–5.48)

Sat on hay bale at doe barn 4.55 (1.41–16.13)

Used hand sanitizer after kid barn 2.17 (0.73–6.81)

bales, rafters, troughs, walls inside pens, a grain holder, and
muddy runoff from a compost pile. CT DoA collected 17 fecal
samples and rectal swabs directly from kids and does to examine
fecal shedding. Overall, 37% (29 of 78) of environmental and
animal samples collected from Farm X and tested at the CT
DPHL yielded STEC; of these, 62% (18 of 29) yielded the STEC
O157 outbreak strain (Table 3).

The 18 samples yielding the outbreak strain of STEC O157
were isolated from samples collected from the kid and doe barns.
In the kid barn, the outbreak strain was isolated from samples
collected from the does and kids, bedding in the doe birthing
and holding pens, a hay bale in a holding pen, the floor in front
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TABLE 3 | E. coli serogroup and pulsed-field gel electrophoresis (PFGE) pattern by isolation source during an illness outbreak linked to visiting farm X—Connecticut, 2016.

STEC serogroup Pattern Patient samples (n = 50) Goat samples (n = 17) Environmental samples (n = 61)

No. (%) No. (%) No. (%)

O157 1 42‡ (76) 9‡ (53) 6 (8)

2 2 (9) 0 (0) 0 (0)

3 3 (7) 0 (0) 0 (0)

4 1 (2) 0 (0) 0 (0)

5 1 (2) 0 (0) 0 (0)

6 1 (2) 0 (0) 1 (2)

7 0 (0) 2 (0) 0 (3)

O103 2‡ (0) 7‡ (47) 5 (2)

O5 0 (0) 1 (13) 0 (8)

‡Two samples had both O157 and O103 isolated.

of a holding pen, and a rabbit cage. The outbreak strain was
also isolated from three pooled samples collected from does in
the doe barn where hay bales were lined against the fence so
children could stand or sit on them to more easily feed or pet
the does. PulseNet confirmed seven STEC O157 PFGE pattern
combinations associated with this outbreak; of these, one was
isolated from patients, goats, and the environment, one was
isolated from patients and goats, four were isolated only from
patients, and one was isolated exclusively from goats. STECO103
was also isolated from goats, the environment, and a patient
co-infected with the STEC O157 outbreak strain (Table 3).

Human, goat, and environmental isolates with the STEC
O157 outbreak strain were highly related to one another by
WGS high-quality single nucleotide polymorphism analysis
(hqSNP) (Figure 1). The STEC O157 sequences from the
outbreak clustered tightly within zero and four SNPs and the
E. coli O103 sequences from the outbreak clustered within
zero and two SNPs (Figures 1, 2). Public health actions were
taken throughout the investigation. DPH provided public health
messages through press releases including infection prevention
through handwashing after contact with animals, after going to
the bathroom, and by thoroughly cooking meats and washing
fruits and vegetables. Farm X was closed to visitors by public
health order onMarch 24th; the public health order was removed
on April 13th. The CT DoA noted adequate milk pasteurization
equipment and processes and testing of food samples did
not yield STEC. The CT DoA also contacted Departments
of Agriculture in states bordering CT where goat kids might
have been sold as pets to residents, to inform them of the
outbreak. Based on investigation findings, it was recommended
that the farm owner provide public hand washing stations with
soap, running water, and disposable towels for visitors to use
when they exit animal areas. Owners and staff were advised to
educate future farm visitors of the potential risks for transmission
of diseases from animals or the environment. Additionally, it
was recommended that Farm X restrict access to areas more
likely to be contaminated with manure or birthing by-products,
and not allow food, beverages, or strollers to enter any of
the animal areas.

DISCUSSION

This investigation provided epidemiologic and laboratory
evidence for an outbreak of STEC O157 infections resulting from
exposure to goats and an animal environment that demonstrated
widespread contamination caused by animals actively shedding
E. coli. At the time of the investigation, this was Connecticut’s
largest zoonotic outbreak of STEC O157 infections recorded.
Agritourism venue visitors might not be aware of the potential
risk of illness from close contact with goats and other farm
animals and might infrequently wash their hands after animal
contact without appropriate guidance (25, 31, 32). Education for
both the public who interact with farm animals as well as those
who run these settings is essential (25). Contact with hay bales in
the doe barn was associated with illness among children in this
investigation. These hay bales were used to sit or stand on and
abutted the pen of does which were shedding the outbreak strain
of STEC O157. Greater than half of the patients were aged <5
years, and this investigation highlights the risks to young children
from direct contact with goats and soiled bedding in the absence
of infection prevention measures. This group is particularly at
risk for acquiring infection due to factors such as hand-to-mouth
habits, and it may be difficult for young children to access or
use the hand hygiene stations at farms and petting zoos without
assistance from an adult, to reach the hand sanitizer bottles on
the tables, or the tap controls at the sink on their own (33–
35). Restricting young children’s direct contact to ruminants,
such as preventing access inside animal pens and enclosures,
may decrease risk to this vulnerable population (36). Since STEC
O157 can be detected for >42 weeks in the environment, contact
with the farm environment, even in the absence of direct contact
with goats, may be an important risk factor for human illness
(9, 37). Of note, three patients in this investigation did not
have any identified epidemiologic link to the farm or goats from
the farm but were infected with the predominant STEC O157
PFGE pattern combination found in this outbreak. All three of
these patients reported onsets during March 18–25, which was
during the height of the outbreak. One patient was a school-aged
child who reported illness onset 8 days after another school-aged
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FIGURE 1 | High-quality single nucleotide polymorphism (SNP) analysis of E. coli O157 sequences (n = 52) from isolates resulting from testing of clinical samples

(n = 50), goat feces (n = 1), and an environmental sample from goat hay bedding (n = 1) during an outbreak of illness linked to a goat farm in Connecticut. Clinical and

environmental isolates were highly related genetically within 0–4 STCPs. The high-quality SNPanalysis had phages masked, an internal reference PNUSAE002903-CT

-M4158-160428_filtered_chromosomes.fasta, and was generated with Lyve-SET version 1.1.4f. Reads were cleaned with CG Pipeline (options: –no-singletons).

SNPs were called with Varscan, and Lyve-SET was run with the following options: minimum coverage −20min, alternative fraction −0.95, and allowed flanking −5 bp.

FIGURE 2 | High-quality single nucleotide polymorphism (SNP) analysis of E. coil O103 sequences (n = 4) from isolates resulting from testing of clinical samples (n =

3) and environmental samples from goat hay bedding (n = 1) during an outbreak of illness linked to a goat farm in Connecticut. Clinical and environmental isolates

were highly related genetically within 0–2 SNPs. The high-quality SNP analysis had phages masked, an internal reference PNUSAE003156-CT-M4158-160517_

filtered_chromosomes.fasta, and was generated with Lyve-SET version 1.1.4f. Reads were cleaned with CG Pipeline (options: –no-singletons). SNPs were called with

Varscan, and Lyve-SET was run with the following options: minimum coverage −20, min alternative fraction −0.95, and allowed flanking −5 bp.
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patient who was epidemiologically linked to the farm and from
the same town. Another patient reported knowledge of Farm X
and having a parent who worked near Farm X; however, neither
patient nor parent visited the farm. The third patient reported pet
therapy volunteer work at a health care facility. This may indicate
transmission occurrence within the community.

This outbreak—the largest zoonotic STEC O157 outbreak
in Connecticut—illustrates the risk to public health when
recommendations outlined in the national guidelines for
interacting with animals in public settings for cleaning,
disinfection, and facility design are not followed. The absence
of hand-washing stations for visitor use at Farm X and the
limited availability of hand sanitizer may have contributed
to the magnitude of this outbreak. Soap and clean running
water should be used to wash hands, which should be dried
with clean towels immediately upon exiting areas containing
animals; alcohol-based hand sanitizers do not effectively
inactivate Cryptosporidium which is a pathogen commonly
carried by goats and other ruminants (13, 38). Reducing
pathogen contamination in farm environments can be achieved
through regular removal of soiled bedding from pens, avoiding
piling fresh bedding on top of soiled bedding, ensuring
that there is not run-off from manure piles into public
areas, and ensuring that animals receive regular veterinary
care (25, 36).

Limitations of this case-control study included reliance
on self-reported data, which might have introduced social
desirability and recall bias resulting in misclassification of
exposures. This may lead to an overestimate of certain types of
exposures, such as goat exposure or sitting on hay bales, and affect
ability to detect differences between case-patients and controls.
All case-patients and controls were children, so response bias
might have occurred because parents were answering for their
children. Controls self-selected by calling DPH after solicitation
in a press release which might have introduced selection bias. A
case-control study among adult farm visitors was not feasible as
a result of the small number of cases among adults. Case-control
studiesmight also be affected by confounding variables associated
with observed risk factors.

Agritourism is growing in popularity, and working farms like
the one involved in this outbreak are trying to connect with their
communities through on-farm visits and animal contact. These
connections are valuable for developing community relationships
and can provide additional farm income. Other forms of
agritourism which include contact with goats and kids, such
as goat yoga, are also increasing in popularity. These activities
likely present similar risks of human illness as described for
this outbreak. In response to the outbreak investigation findings
and the ongoing agritourism activities in the state, the CT
DPH created an educational video to raise awareness of how to

protect yourself around animals (39). The CT DoA held a 1-day
conference for CT farmers and agritourism venue operators and
discussed prevention measures and risk management for when
they open to the public (40). Eliminating all risk from animal
contact in agritourism settings might not be achievable. The
public health goal is therefore to minimize the risk of disease and
injury through facility design, animal husbandry, hand hygiene,
and education.
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